Introduction: Evaluation of cortical auditory evoked potentials in children with cochlear implants has been proven to be an effective method for assessing cortical maturation after electrical stimulation. Objective: To analyze the changes in latency values of cortical auditory evoked potentials before and three months after cochlear implant use.
Introduction
Hearing loss in early life can affect the communication development and interfere in several other aspects, such as cognitive, psychosocial, and academic, among others. 1, 2 The consensus is that proper auditory stimulation from the beginning of life is necessary for the normal development of speech. [3] [4] [5] [6] The full reception of the acoustic signal by the auditory cortex allows it to constantly changes due to the phenomenon of neuronal plasticity. These changes and reorganizations enable the development of the ability to discriminate sounds that reach the central auditory nervous system (CANS), thus enabling the gradual learning of oral language. [7] [8] [9] Given the damage caused by bilateral severe-to-profound sensorineural hearing loss in children during the development of auditory skills and oral language, there is a need to provide the ability to know and recognize the sound world.
For hearing impaired children who did not experience signiicant beneits with the use of a hearing aid (HA), the cochlear implant (CI) has been shown to be an effective clinical resource for intervention. This electronic device aims to partially replace the function of the ear through direct stimulation of the auditory nerve ibers, improving the quality of life of adults and children. 10, 11 In order to provide maximum beneit to childrenallowing for the development of auditory skills and oral language -it is important that CI stimulation is initiated within a sensitive period, preferably up to 3 years of age, so that the maturation of the CANS can properly occur. [12] [13] [14] Some authors explain this phenomenon by arguing that although the deeper layers of the cortex undergo maturation processes even in the absence of stimulation, the most supericial layers of the cortex need stimulation to properly develop. 15 After this sensitive period, appreciable alterations in relation to synaptic plasticity may occur, resulting in an abnormal connectivity among neuronal cells, functional disintegration and immaturity of auditory cortical areas, as well as the possibility that some auditory areas develop non-auditory functions, causing abnormalities of cognitive function restructuring. 16 To verify the changes in the CANS throughout its development, objective techniques are currently capable of accurately demonstrating the beneits of effective use of CI in the process of cortical maturation. Cortical auditory evoked potentials (CAEP) have emerged as a procedure capable of objectively measuring the degree of development and limits of plasticity of the central auditory pathway through the analysis of changes in morphology and latency values of P1-N1-P2 components. 13, 17 The P1 wave of CAEP has been established as a biomarker to evaluate the maturation of the central auditory system in children. Thus, these measures can assist in verifying the effectiveness of auditory rehabilitation in children using HAs or CIs. 17 Considering that the development and organization of central auditory pathways in children is closely related to an effective and appropriate auditory experience, the effective use of CAEP as a procedure capable of relecting mainly the activity of thalamic and cortical regions appears to be potentially valid for determining the integrity of the auditory pathway and monitoring neurophysiological chan- ges in the population with hearing loss after the intervention and auditory stimulation by CI. [18] [19] [20] [21] [22] Many studies combined the results of CAEP electrophysiological tests with behavioral assessments, which indicates that the decrease in latency time of P1 is correlated with the improvement of communicative behaviors (vocalization), 4 speech perception, 11 and also with speech and language skills of children. 20 However, it is not clear how these changes occur in CANS. It is uncertain whether there are changes in latency time values of the P1 component after a short period of auditory stimulation via CI.
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Objective
To assesss central auditory pathway maturation in children with hearing loss after three months of auditory stimulation via CI.
Methods
Study design and Ethical aspects
This investigation consisted of a case-control study with hearing impaired children who were CI users. The study group (SG) was composed of ive children with bilateral sensorineural hearing loss who received surgical indication for the use of CI as an intervention in the process of auditory habilitation. The control group (CG) consisted of ive normal hearing children age-matched to the children in the SG.
The study was approved by the ethics committee of the institution under the process No. 0319/11. The procedures were performed after the parents or tutors signed the informed consent.
Sample characteristics Study group
The inclusion criteria established for SG were: maximum age of 4 years; severe/profound bilateral sensorineural hearing loss; without beneits from HA; included in the CI program; device properly functioning (according to mapping registration); full electrode insertion; daily use of the device for eight hours or longer; not using HA in the contralateral ear. Exclusion criteria were: children with neurological or cognitive impairment, or any other impairment that might compromise auditory or language development.
The SG comprised ive children with cochlear implants (three males and two females) with a mean age at the time of CI activation of 2 years and 3 months (minimum 9 months and a maximum of 3 years and 6 months). The children were residents of São Paulo, Brazil, and all had bilateral severe--to-profound sensorineural hearing loss, and were awaiting activation of CI electrodes in the period between May and September of 2012. Table 1 shows the characteristics and speciications of each participant of SG.
The children from SG were age-matched to those of CG, so that the results obtained after three months of CI use could be compared with those observed in normal hearing children at the same age range. The criteria used to pair children was a difference of 4 months of age between children of the study group and the control group.
Statistical analysis showed no difference for age and gender. The Mann-Whitney test indicated that there was no difference in age mean between groups (mean SG = 27.8 ± 13.03; mean CG = 27.8 ± 12.60; U = 12.0, z = -0.104, p = 0.917). Fisher's exact test indicated no difference on gender distribution between groups (p = 0.524), although there were more males in the SG (60%) and females in the CG (80%).
Control group
Inclusion criteria established for CG were: maximum age of 4 years; without hearing loss (tympanometric curve type A, present relexes and auditory and speech reception thresholds less than or equal to 15 dB); and without impairments in neurological, motor, or language development.
The CG comprised ive children (one male and four fe- males) with a mean age of 2 years and 3 months (minimum 11 months and maximum of 3 years and 2 months). The participants of the CG are characterized in Table 2 .
Children of this group underwent hearing assessment prior to electrophysiological evaluation to discard any type of hearing impairment. This consisted of: pure tone audiometry, speech audiometry (speech reception threshold -SRT), as well as immittance measures with acoustic relex research.
Procedures
Children were invited to participate in the study by an invitation letter delivered to their parents or guardians or by telephone.
An interview was conducted with the parents or guardians of the SG at the Audiology Clinic of the Department in order to obtain information on: age, education, side of implantation, HAs, etiology of hearing loss, and results of the last audiometry performed at the institution.
The evaluation of the CAEP was performed in an acoustically treated room with the child in an alert state, sitting comfortably in a reclining chair. They were instructed and encouraged to watch a puppet theater or movie with no sound during the procedure. Before starting the procedure, it was veriied that the CI was functioning: battery, program, and microphone.
The Smart EP USB Jr Intelligent Hearing Systems (IHS 5020), a device that provides two channels of stimulation, was used. Channel A was intended to capture the CAEP in the right ear, and channel B, in the left ear. In both channels, the active electrode was placed at Cz connected to the input (+) of the pre-ampliier, and the reference electrode was placed on the earlobe of the CI side and connected to the input (-). The ground electrode was positioned at Fpz and connected to the ground position.
The electrodes were placed with conductive paste for electroencephalogram (EEG) from Tem 20 TM after cleaning the skin with an EEG abrasive gel from NUPREP. The impedance level of electrodes that was accepted for the procedure was between 1 and 3 K ohms.
The acoustic stimulation was presented by a sound ield system with speakers positioned at an angle of 90° azimuth and 40 cm away from the implanted side of children from the SG. The same procedure was used with children from CG; the stimuli presentation was performed on the side with better audiometric thresholds. For subjects with symmetric audiometric thresholds, stimuli was presented at the right side. Two samples were collected from each subject to conirm the results.
Regarding the parameters of stimulation, the CAEP were recorded with the speech stimulus of the syllable /ba/, presented with inter-stimulus intervals of 500 ms, at an intensity of 70 dBNA and a presentation rate of 1.9 stimuli per second. The parameters described below were also used during registration: bandpass ilter from 1 to 30 Hz, gain of 100,000, averaging 512 stimuli, and response analysis window of 100 ms pre-stimulus and 500 ms post-stimulus.
Data analysis consisted of an assessment of the latency times of the P1 component, represented in milliseconds, before and after three months of CI use. The indings were compared to those obtained with children from the CG.
Results
Control group
The values of the latency time of the P1 component from CG children ranged between 123 ms and 140 ms (children aged 35 months and 10 months, respectively) ( Table 3 and Fig. 1 ).
Study group
After three months of CI use, a reduction in latency of the CAEP in all participants from the SG was observed.
The irst child assessed was diagnosed at 1 year of age and used bilateral HAs for nine months. Hearing thresholds obtained in free ield with the device were 85 and 80 dB for frequencies between 250 and 500 Hz, respectively. Three months after surgery, the audiometric thresholds in the implanted ear ranged between 55 and 70 dB at frequencies from 0.25 to 2 KHz. In the CAEP record prior to activation, the P1 wave latency was observed at 303 ms. After three months of CI use, a decrease in P1 component latency was observed, which was registered at 172 ms. The second child assessed was diagnosed at 3 months and received bilateral HAs at 1 year of age. Pre-surgical pure tone audiometry in free ield with HAs revealed responses between 70 and 100 dB for frequencies from 0.25 to 2 KHz in the right ear. Three months after surgery, the audiological data showed responses in the implanted ear between 45 and 65 dB at frequencies from 0.25 to 4 kHz. At the evaluation of long latency potentials, there was a decrease in latency, with values of 322 and 245 ms in the pre-and post-activation periods, respectively.
The third child was diagnosed at 1 year and 8 months after meningitis at 11 months, and used bilateral HAs for 10 months. The audiometric results with the HA in the left ear showed responses of 80 and 90 dB for frequencies of 250 and 500 Hz, respectively. Three months after surgery, the patient detected speech sounds at average intensity. The data initially showed the CAEP P1 component at 205 ms. After stimulation via CI, this component was observed at 151 ms.
The fourth child was diagnosed at 1 month of age with unknown etiology. After using bilateral HAs for six months, the child underwent CI surgery at 9 months. The results of audiometry in free ield with HAs were 80 dB for the frequency of 250 Hz bilaterally. After three months of CI use, these values were between 30 and 50 dB for frequencies from 500 to 4,000 Hz in the left ear. In the evaluation of long latency potential, there was a decrease in latency, with values of 271 and 175 ms in the pre-and post-activation period, respectively.
The last child was diagnosed at 2 years of age without deined etiology of hearing loss. This child had used HAs bilaterally for one year and one month when he underwent the surgery. The audiometric results with the HA in free ield showed responses in the left ear from 55 to for frequencies from 0.25 to 1 KHz. Three months after surgery, responses were observed at 50 and 60 dB for frequencies 250 and 500 Hz, respectively. The CAEP records initially showed the P1 component at 283 ms. After three months of CI use, the latency of this component was observed at 225 ms.
A decrease in the latency values of the P1 component was observed in all participants of this study after three months of stimulation via CI. The P1 latency values were closer to values found in normal hearing children of the same age, as shown in Table 3 and Fig. 1 . Children from the CG were also reassessed after an interval of three months from the irst evaluation; however, there were no differences in latency between the two assessments.
Discussion
Considering the maturation of the CANS in children who receive CI, this study aimed to investigate the changes in latency values of the P1 component observed in CAEP before and three months after electrode activation.
The P1 component, a positive wave generated by thalamic cortical activity upon sound stimulation, is a measure capable of relecting changes in the CANS arising from neuronal plasticity, an essential phenomenon for the development of auditory skills and language. [16] [17] [18] In children with CI, these changes can be observed, as the electrical stimulation provides better functionality of synaptic connections with gradual increase in the rate of synaptic neural transmission and synchronization. These cortical changes allow for a gradual decrease in the latency of P1 component -a phenomenon observed in this studycorroborating the indings described in the literature that evaluated children in similar conditions. 5, 16, 19, 23 There are several published studies that suggest a rapid change of this latency time, especially in children who are early-implanted. Some authors observed that these children reached the latency values of P1 component expected for their respective age three months after implantation; 5, 23 others have reported these changes between three and six months; 21 other studies have shown changes after four months of CI use; 22 and still others have observed changes after six to eight months. 16, 19 In the latter, the results demonstrated that children who receive CI early exhibit a rapid development of CANS, with changes in waveform morphology as well as in latency of P1 component: one week after Subject implantation, the latency of P1 decreased approximately 100 ms, generating results similar to those of normal hearing newborns, and after six to eight months of use, this value reached the normal range for children at the same age. The results also demonstrated that children who are late-implanted present abnormal waveform morphology and slow decrease in latency time. 19 This reduction in latency time of the P1 component in relation to age at activation is related to the existence of a sensitive period in which the auditory stimulation should be initiated for obtaining a higher degree of clinical effectiveness. Thus, as seen in the literature, children who receive stimulation via CI before three years and ive months of age quickly reach the expected values of normality. Those who receive CI later present less development of the CANS than that observed in normal hearing children. 11, 19, 23, 24 In the present study, it was not possible to follow-up the modiications of the CANS for a period exceeding three months of CI use in a larger group of children. However, a longitudinal assessment for a period exceeding 12 months, with more subjects, would demonstrate how CANS structures are modiied after a longer period of CI use. It would also be possible to verify the alignment of registry parameters of the CAEP found in implanted children compared to those observed in normal hearing children of the same age.
Considering that the analysis of this component appears to be related to the results of speech perception obtained after activation of CI, the use of these electrophysiological measures, associated with behavioral assessment of auditory skills, can contribute to a better understanding of intervention results. Several studies highlight the P1 component analysis as a biomarker, which can provide information about the evolutionary process of rehabilitation when associated with behavioral tests, and, consequently, suggest prognosis. 5, 16, 20, 21, 22, 25 In this sense, the longitudinal assessment of these children is fundamental, so that the changes in the CANS of children with CI can be assessed in the long term and compared to the development of the CANS of normal hearing children. Studies with larger sample sizes and with longer observation time are necessary for a better understanding of CANS changes.
Therefore, it was veriied that CAEP may be used as a biomarker for the CANS, which is able to register changes caused by electric stimulation via CI after three months of its use.
Conclusion
The results of this case-control study indicated a decrease in the P1 latency values of CAEP in children under the age of 4 years after three months of CI activation.
The values of the latency time of the P1 component from children who have used a CI for more than three months are higher than those from normal hearing children.
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